












































































































    	
  

{ PYR g TUOQTU~Yj;WY ehd p
x
PGOQPYRSQTUS TUSOQPYR g RSQW
\O ehd p;cR g S e ~
phVR ehg O ehd  TU y
 e  RﬀhR g YOQP
Rﬂﬁ)~|ph
j e phcŁ e W
U^ ~YRﬀhR g P
pﬃhR XcRkR~ phŁ P
T\RﬀhR^ TUOQP e WYO9OQPYR SQWY| ehg O
ehd p ~W|ZiXcR g ehd cR e |\R  P e Ł e ~O g T\X|W
O]R^ TU~ e ~
R p` ehg ph~ e OQPYR gy {$e ZR~OQT e ~
phU#OQPYRS]RcR e |\RiT~rOQPYRS]R phŁ"!~ e  \R^YjZR~OQS TUS OQPYRZ[TU~
TZW
Z OQP|pﬀO OQPYR phWYOQP ehg
Łkph~ ^ eYy
o
T g S]O ehd phU $#% e W|U^ UT&!hR O e OQP
ph~$!
x
gQehd RSQS ehg T e ﬀph~
~





















































































































































































































































































































































































































































































































































































































































































































































































































































y y yiy y y y y y yiy y y y y y yiy y y y y y yiysyDy
TUTUT
T&   
t y[Y * O e Ł P
phS]OQTUŁ  e UpﬀOQTUT\O`_ph~
^ P




 gQe phŁ P TU~rp[Z TUSQS]cRŁkTNﬁ|R^ * x dfg phZRﬀ ehg ! y y y
o
t y t  R^YjTU~
j g RUTUpﬀX|TUT\O` y y y yiy y y y y y yiy y y y y y yiy y y y y y yDw
t y[y 9 e ~
ŁkUW
SQT e ~ yiy y y y y y yiy y y y y y yiy y y y y y yiy y y y y y
nDn
%D% qE AB1I6.- ?v<DE<D+!1I,HE ,5( ,*1I, 4J+!,*'"E/V- 1/D< 1I4J+ 1I7 
	
l 





T\OQT e ~ ehd  ehg O dfe UT e x9p 2 yiy y y y y y yiy y y y y y Z q
yay q { PYRTFW
ph^ g pﬀOQTUŁ pﬀ
 g}e YTUZ[pﬀOQT e ~ y y y y yiy y y y y y yiy y y y y y Z t
yay q y
X
{ PYR ZW|\OQT&ﬀp g TUpﬀO]R dfg phZRﬀ ehg ! y yiy y y y y y yiy y y y y y Z y
yay[Y I e ~r|p g phZRkO g TUŁ ZRkOQP e ^rX)phS]R^ e ~ P
TS]O ehg TUŁkph#SQTZW
pﬀOQT e ~




 R~YR g phUT5JkR^rP
TUS]O ehg TŁkph#SQTUZW
UpﬀOQT e ~_ZRkOQP e ^ yiy y y y y y Z
o
yay[Yay q *ae ZR P











































































jOQPYR x9p 2 RS]OQTUZ[pﬀOQT
e
~|S





































































































































































































~|ŁRphSQTU~Yj TU~|Ł g RphS]R ehde 
OQT e ~&O g ph~
S}phŁOQT e ~
SZ[p+!hRSiOQP|TUST!TU~
^ ehd Ł e ~O g phŁO
hR g `& e |W
Up g phZ e ~Yjm g phŁOQT\OQT e ~YR g S y I e ph^
p!`aS e |OQT e ~
SŁ e ~
S]OQT\OQWYO]R OQPYR_Z e S]O
TUZ ehg OQph~OiŁ e Z e ~YR~O ehd OQP
R O g ph^|TU~Yj X eae ! dehg Z[ph~` ﬁ)~
ph~|ŁkTUph TU~|S]OQT\OQWYOQT e ~|S y
N d W g OQPYR g TU~
ŁR~OQT&hR8phSjT&hR~ X` OQPYRTU~O g}e ^


































































































































































































































































































































































































































































































































































































































T      
o




^YR\X gQe O 	 t w aph~
^[OQPYRﬂ e UpﬀOQTUUT\O `SQZ[TU\RRcRŁObŁkphSQP3 TUOQPOQPYR
phSQS}W
Z
OQT e ~ ehd Ł e ~
S]OQph~Oﬂ e pﬀOQTUUT\O ` y
u
ehg R e hR g  RﬀhR~ T die ~YR&phŁkŁRk
OQS OQPYR&Ł e ~
S]OQph~OQ e UpﬀOQTUT\O` phSQSQW|Z
OQT e ~#ph~
RS]OQTZ[pﬀOQT e ~" gQe X)\RZ S]OQTUU g RZ[phTU~|S y # ~
^YRkR^# OQPYR W
~
^YR g \`aT~YjQ e UpﬀOQTUT\O` TUS~ e O
e X|SQR g  pﬀX)\Rph~|^ P
phSO e XcRiRS]OQTZ[pﬀO]R^ y8* TU~|ŁR e 
OQT e ~  g TŁRSp g RjhR~YR g phU\`QhR g `
S]R~|SQT\OQT&hR8 T\OQP g RSQ RŁOO e  e UpﬀOQTUUT\O `h|OQPYRR gQgQehg Z[ph^YRX` S}WYX|S]OQT\OQW
OQTU~YjOQPYRO g WYR
|p g phZRkO]R g  TUOQPrOQPYR RS]OQTZ[pﬀO]R^ e ~YRŁ e W
U^ ~ e O X R Ł e ~|SQTU^YR g R^ ~YRkjUT\jT\X)\R RTUOQPYR g
dfehg  g TŁkTU~Yj ehg dfehg PYR^YjTU~
j)W g  e S]RS y
# ~ ehg ^
R g O e g RUp  OQPYR&Ł e ~|S]OQph~OP e UpﬀOQTUUTUO` phSQSQW
Z|OQT e ~# TU~ OQPYR UphSQO O  e
^YRŁkph^
RS p[p g jhRi~aW
ZiXcR g ehd S]O e Ł}P|phS]OQTUŁT e UpﬀOQTUT\O`rZ e ^YRUSVP|pﬃhRX RkR~  gQe  e S]R^ y
*ae Z[R&S]RZ[TU~






q   * O]RT~ ph~
^ * O]RTU~ 	
n
s  ph~
^  RS]O e ~ 	 ts ym{ PYR Z[phTU~ d RpﬀOQW g R ehd
OQPYRSQR Z e ^
RUS TS OQP|pﬀOVOQPYR  e UpﬀOQTUUT\O ` TUS~ e  e ~YjhR g Ł e ~|S]OQph~Ok|X|WYOT\OQS^Y`a~|phZ[TUŁkSTUS
^YRS}Ł g T\XcR^ Xa`ip S]O e Ł}P|phS]OQTUŁb^
TNcR g R~OQTphRﬃFaW
pﬀOQT e ~ y *ae ZR ehd OQPYRS]RZ e ^YRUS gQe TU^YR
p Łk e S]R^ dfehg Z S e UWYOQT e ~&S e OQP
pﬀOOQPYRT g TZ|\RZR~OQpﬀOQT e ~&^|T u ŁkW









































































































































































































































































































































pﬀOQTUUT\O ` TUS W
~!a~
e










































































































































































8 9":01ﬁﬂ<;&ﬀ )=8 >?@:BA
C
D./Eﬁ!F GHAI8 J:BKMLN &ﬀ1ﬁ'<12ﬂPOG)*D8RQ>":BKMST12ﬂU&ﬀ1Pﬃ"BAI8 V:W"12ﬂX;I!&ﬀ1-ﬀ!1ﬁ!F 
HAI8 >"J:BA
aTUT
dg phZ[Rﬀ ehg ! y { PYRO  e X e W
~
^|S dfehg OQPYRV g TUŁR ehd ph~ e 
OQT e ~ ehg O de T e p g R e X
OQphTU~YR^
X`~W
Z[R g TUŁkphU\` S e &aT~Yj p ~ e ~YUTU~YRp g
x
 t y{ PYRbpﬀ||UTUŁkpﬀOQT e ~O e  RS]O e ~  S9Z e ^YR
SQP e  S[OQP
pﬀO OQPYR ^
TS]OQph~
ŁR XcRkO bRkR~ OQPYR O6 e  g TUŁR X e W|~
^
STUS  e bR g OQP|ph~ OQPYR
^
TUS]OQph~
















ŁOQT e ~Z e ~ e O e ~
TUŁ T\OQP g RS]cRŁOnO e OQPYRW
~
^YR g U`aTU~
j  g TUŁRTUS$jT&hR~
X` OQPYR  phŁ"! * Ł}P e URS dfehg ZW
UpT TUOQP7 e UpﬀOQTUUTUO` RﬃFW|ph
O eie ~







R g OQPYR[S]O e Ł}P
phS]OQTŁ  e UpﬀOQTUUT\O ` pﬀ| gQe phŁ}Pp Łk e S]R^Y dehg Z S e UWYOQT e ~;Łkph~
~ e O X R
e X
OQphTU~YR^;RﬀhR~"TU~&OQPYR ŁkphS]R ehd Z e ~ e O e ~
TŁ[^YR\OQp d W
~|ŁOQT e ~ y  e bRﬀhR g  p Łk e S]R^
dehg Z pﬀ
 gQe TZ[pﬀOQT e ~ ehd OQPYR O6 e SQWYcR g P




p Łk e SQR^ dfehg ZIS e UWYOQT e ~ Łkph~ XcR e X
OQphT~YR^ dfehg OQPYR_S]O e Ł P
phS]OQTUŁ. e UpﬀOQTUT\O` Z e ^YR
Ł e ~
SQTU^YR g R^ y
#z~ ehg ^YR g O ee X
OQphTU~ pW
S]R d W
 O ee  dfehg  g TUŁkTU~Yj ph~
^rPYR^YjT~YjY
p bp!`_O e ^YRkO]R g 
Z[TU~YROQPYR|p g phZ[RkO]R g X e W|~
^
S P
phS O e XcR^YRﬁ)~YR^ y #z~ 9P|pﬀ
O]R g Y S e ZRX e W
~
^|S
dehg OQPYRD e UpﬀOQTUUTUO`[ g}e ŁRSQSb|p g phZRkO]R g SVp g R e X
OQphTU~
R^ Xa` cR gQdfehg Z[TU~
























































































































































































































































































































































































































































































































































































































TUTUT      
N
u
e ~O]R>9Vp g  e RcR g TUZR~O SQP e  S OQP
pﬀO OQP
R SQWYcR g P
R^YjTU~Yj W
~|^YR g S]O e Ł}P|phS 
OQTUŁ8 e UpﬀOQTUT\O` S e &hRSOQPYR |p g phZRkO]R g Z[TUS}S]cRŁkTNﬁ)ŁkpﬀOQT e ~  gQe X|\RZ y
u
ehg R e hR g $OQPYR
 g}e  e SQR^ SQWYcR g PYR^
jTU~Yj pﬀ




 gQe phŁ P y
{ P
R SQphZR g RS}W
\OQSVp g R e X|OQphTU~YR^rW
~
^
R g Z e ^
R#Z[TUSQS]cRŁkTNﬁ ŁkpﬀOQT e ~ y
# ~ OQP
R S]RŁ e ~
^|p g O ehd OQP
TUS  ehg ! A RphTUZ O e SQP e  OQPYRbTUZ|phŁO ehd Up g jhR e |OQT e ~
 e SQT\OQT e ~
S e ~ g TUS4! ZRphS}W g RZR~OVZRkOQP e ^
S y 9P
pﬀ|O]R g y  g}e TU^YRSph~ e hR g T\Rﬀ ehd
S e Z[RQ phWYR pﬀO g TUS"!'PYR g Rp d O]R g x9p 2D( RSQOQTUZ[pﬀOQT e ~ Z[RkOQP e ^|S y NZ e ~Yj phU x9p 2
RS]OQTZ[pﬀOQT e ~ Z[RkOQP e ^|Sk e ~
\` OQP e S]R pﬀX)\R&O e Z[ph~|pﬀjhR ~ e ~TU~YRp g  e SQT\OQT e ~|Srp g R
Ł e ~
S}TU^YR g R^ y { PYRﬁ g S]O[Z[RkOQP e ^Ł e ~
SQTU^YR g R^TUS[Ł e Z|URkO]R\` )p g phZRkO g TUŁrph~|^ T\O
TUS X|phS]R^ e ~ pBFW|ph^ g pﬀOQTUŁ pﬀ| gQe YTUZ[pﬀOQT e ~ yV{ PYR~ e ~|p g phZRkO g TUŁ ZRkOQP e ^ X)phS]R^
e ~ P|TUS]O ehg TUŁkphcSQTZW
pﬀOQT e ~
STUS phUS e ^YRSQŁ g T\XcR^ y { PYR e |OQT e ~_ ehg O de T e g Rﬀ phW
pﬀOQT e ~
Z[ph^
R dehg RphŁ P|phS]O[SQŁR~|p g T e Z[p+!hRSOQP
TSZRkOQP e ^ S}W
T\OQpﬀX|\R O e Z[ph~
pﬀjhR Up g jhR
e 
OQT e ~r e SQT\OQT e ~
S y
{  e jhR~YR g phUT5JpﬀOQT e ~
S ehd OQPYR SQOQph~
^
p g ^ P
TUS]O ehg TUŁkph SQTZW
pﬀOQT e ~ZRkOQP e ^ p g R
 g RS]R~O]R^ y { PYR;ﬁ g S]O e ~YR[TUS OQP|pﬀOiTU~O gQe ^|W
ŁR^ X`  e W|^ e W$!P# 2 TŁ}P













































































































































































































































































































































































 /  	  /	R
X
  












































































































































































































































































































































































































































































































































RŁ e ~ e Z` T\OQP0ﬁ)~
T\O]R SQphZ)\R S]|phŁR R~
pﬀX|\RSVW|S O e jT5hR pZ ehg R Ł e Z g RPYR~|SQT\X|\R
TU~O]R g  g RkOQpﬀOQT e ~ ehd OQPYR g RSQW
\OQS y { PYRiŁ e ~OQTU~aW e W
S OQTZR g RSQW
UOQS/ TUU XcRiŁ e Z)p g R^
O e OQP
Ri^
TUSQŁ g RkO]R OQTUZR e ~YRSﬂ PYR~YRﬀhR g  e SQS}T\X|\R2 y
$pﬀO]R g e ~#ﬀOQPYR Z[p g !hRkOnTUS$phSQSQW
Z[R^iO e XcR dg TUŁOQT e ~
\RS}Sk T y R y O g ph^
TU~
j Łkph~X R Ł e ~
OQTU~aW e W
S T\OQP ~
RT\OQPYR g O g ph~




e hR g )S]O e Ł"!S )p`r~ e ^
T&TU^YR~|^
S y
LJL!L >0'c(5+!7 AB/#'e<D'<#+!6.' '"AB1I,01I6 K
 T5hR~p OQTUZRP ehg T5J e ~	
 s  PYR g RV|\RkO ' ( XcR pﬂﬁ)\O]R g R^i g}e X|pﬀX|TU 
T\O ` S]|phŁR; PYR g RiOQPYR>ﬁ)UO g pﬀOQT e ~ﬀﬂﬁﬃ! w#"$
X
}q%&&&'	( TS g T\jPO Ł e ~OQTU~W e W
Sk




ZiXcR g ehd R\RZR~OQS y
u
ehg R e hR g 
phSQS}W
ZR'65%(7
 s dehg phU859: y
 ﬂ 
M<;=M<;=M
{ PYRUphS]OS]OQpﬀO]RZR~O TUZ|UTURS OQP






















































































































































































































































































































































SQRkO/q^) '] (p s
y
x
















 ﬀﬀP ﬁ M[RaN
QRﬃﬂ ZP ﬁ R ﬁ"! RaN'UGMQK W MON N W N#QK	$nPLJ% NQKM&$nR9M[JMQR<Z('<WVK P) N "!
X
}q%&&&'*!J% M[J
















































 PYR g R9OQP
R UphS]O$UTU~YR9TUS e X
OQphTU~YR^iX` W
S}TU~Yj OQPYR ^YRﬁ)~




S]O g pﬀO]Rkjh` y #zO dfe U e  SOQP
pﬀOp O g ph^|TU~YjmS]O g pﬀO]Rkjh` TSS]R d ﬁ)~
ph~
ŁkT~Yj T d ph~|^ e ~
U`&T d
cD "'] ( c<)S']a 6( ? q^ 4'] ( T y R y ph$Ł P
ph~YjhRS TU~ OQPYR  ehg O dfe UT e  phUW
R p g R ^|WYR e ~|\`




M ;RM ; \/
JLKMON[P6R#TGU JLKM[JXWXT[ZE] P U!UMQPN J0.W123&465)
 P ﬁ!PLJ P6U!UW7ﬂ ﬁ"8
9




















































































































































:LQR JLPSR#T#WR JM:Gﬂ M[PN@O$nPSJ%JLP@GW!/' MQZ6P W.Q7!<M&ﬂ0J	J P6UUVMQPN
JR}W?SFSTUﬀ5)
































































pﬀO c )S'] (p s
ph~



























































































































R g R J ph~
^[J
f
p g R O  e ^
TNcR g R~Obp g X)T\O g p g `[Ł e ~OQTU~YjhR~OVŁkUphTUZ[S y I e O]R OQP
pﬀOOQPYR
UphSQO Ł e ~
^
T\OQT e ~mZW
S]O XcR O g WYR dfehg phU OQPYR[Ł e ~OQTU~YjhR~O ŁkUphTUZ[S y { PYRpﬀX e hR  g TUŁR




RWTQ7! PD'M&ﬂ WVRaJ @GMQKVJLP6R#T#M&ﬂ W @GW.M'UL! K W  P6UMY'8K6.MVPﬂ PSJLZ(@ W M&8
U"!%K WBN W 9 R8W NI[R_J%DWEU' M: W7'ﬃ.(	UL!ﬃ:A%J% M[J





	 PW:. NQZ&@ N WK}PD'MOJLPND[W  O +'^ﬃ  (.*7J% M[J$P6U


































































































































































%DWVK W7P6U~MQR8W78J&8FQR8WE:.QK KWVU'C[RaN WVR:}W .W J)$~W.WRk'aK}PW:}W7U}Z'UL8























P UEJ% W WTV"'<WT: JYMOJLP)QR







































































































































a  ﬂ B
M ;=M<;=M ﬁ
%DW @GMQKﬃ[W J @  N W7ﬂ :.QR JYM[P6RDU2R MQKGVPLJLKM T%WkL''CQKVJ)! R<PLJLZ P ﬁ7M[RaN
QRﬃﬂ Z:P ﬁ  P6UGRQRoWA@ '8JLZ3QKL*	W.Q7! PNDQM&ﬂ WVR J)ﬂ Z4*/P ﬁ MQRaN [Rﬃﬂ*Z_P ﬁ J% WKW P6U M[Jkﬂ W M'UVJ [R8W
'aK}PW:}WEU Z'U JXWA@ - =
* RkR  p g}g TUS e ~rph~
^
x
UTUS"! p 	 Y#Z  | y qhq
o
 qhq w[dfehg p[Ł e Z[|\RkO]R  g}eehdzy
N
 ﬂ RT ﬂ f
M<;=M<;=M

ﬁJ% W @ M[K ﬃOWJ>@  N W7ﬂﬀ:LQR JYMQPSRDURGMQKGVPLJLKM T#W L''CQKVJ)! R<PLJLZQK
P ﬁ  P URQR8WA@ '8JLZiQK:P ﬁ:J% WVK W P6U:M&ﬂ ﬂ W M'UVJ QR8W0'aK PW:}WFU}Z'UVJXWA@ﬀJ% WR *EﬁA[K_W M:A%
  k*^J% WKW P6U MFU}PSR#Tﬂ W'aK P): W	_IMQU.UA :PM[JXW N#$nPLJ%ﬀMQR<Z_M[JJYMQPSRaM7ﬂ W?:.QR JLPSR#T%WVR J
:7ﬂ MQPN@ JY-
ﬁ







J # - =




OQPYR g RTUS prW
~
T FWYR g TUŁR dfehg RﬀhR g `;pﬀO]OQphTU~
pﬀX|UR Ł e ~OQTU~YjhR~OiŁkUphTZGph~|^ dehg RﬀhR g `
ZRphSQW g R    y { PYR dfe U e  TU~Yj gQe  e SQT\OQT e ~ j e RSVp S]O]Rk phPYRph^_Xa` TU^YR~OQT d `aT~Yj
 P





ﬁEJ% W	:.[R JLP6R%T#WVRaJM:Gﬂ MQP@ JhP U MOJJYMQP6R8MAﬂ W"*7J% WVR















































































































M ;RM ; l/
U WT:G!%K PLJLZ0@GMQKﬃ[WJM@  N W7ﬂgP6UUVMQPN J<.W		2
>
hST
 P ﬁ WAD[WVK Z







































M ;=M<; \ ﬁ
%DWU WT:7! K PSJLZ @GMQKﬃ[W J @  N W7ﬂP U ﬁ}K W.W(6ﬁ	MQKGVPLJLKM T#W(L'' QK J)! R<PLJLZ





















































































































R  g RﬀaT e W|S e ~YR y  R~
ŁR Z e SQO ehd OQPYR ^YRﬁ)~
T\OQT e ~
Sk gQe  e SQT\OQT e ~
S ph~
^
OQPYR ehg RZ[S g RﬀTUS]R^rT~_OQPYRi~YRﬀ SQRkO]OQTU~Yj7!hRkRk ph~ p+!aTU~ TU~O]R g  g RkOQpﬀOQT e ~ y
 T&hR~mp OQTZRP ehg T&J e ~F`
 s_\RkO '^ (iX R p0ﬁ)\O]R g R^  gQe X)pﬀX|TUUT\O ` SQ|phŁR
 P
R g ROQPYR ﬁ)\O g pﬀOQT e ~: +ﬁﬃ! wa"E 	 s   (_TUS g T\jPO Ł e ~OQTU~W e W
Skﬃ) w*+ﬁ-,%./(
ph~
^ﬀﬃ21Cw* ﬃ y NST~ OQPYR_ g RŁR^
TU~YjmS]RŁOQT e ~# OQP
R RŁ e ~ e Zi`"TUS Ł e Z e S]R^ X`
> ?
X
S]RŁkW g T\OQT\RS P e SQR  g TUŁRm gQe ŁRSQSFA@ ﬁ'A
 w"  	 s   ( P|phS S]O g TUŁOQU`
 e SQT\OQT5hR_ph~|^ ap^
pﬀ







p g R g T\jPO Ł e ~OQTU~aW e W
S ph~
^ \R d O UTUZ[TUO]R^ 'P
R g Rp d O]R g :.MON ﬂ M T( y

























(  O" dfehg 
X
}q%&&&' >0p g R0ﬁ)~
T\O]R. T\OQP  gQe X|pﬀX|TUT\O` e ~YR_SQW
Ł P OQP




^ OQPYRiS]O e Ł}P
phSQOQTUŁ TU~O]Rkj g phTU~  e &TU~YjG]
l
 





T\OQT e ~ ehd  g R^|TUŁOQpﬀX|TUUTUO` TSSQUT\jPOQ\`^












ŁRS}S ﬁ'A8 ( TUS SQphTU^ O
e
















PYR 'aKW.NQPW: JYM7ﬂ W




















































































































































c< '] (pﬀO OQTUZR^"phS
















































ﬀﬀﬁ"5ﬀﬁ "&ﬀ %2y!1-ny12ﬂ*!ﬀ!1ﬁ "12ﬂPﬀ2ﬃﬀﬁ )P"&ﬀ!1'"&ﬀ!#1-  !Rﬀ &ﬀz y Gﬀ














M ;RM ;  
JLKMONQPSR#TEU JLKM[JXWYTOZ/] P6U~UMQPLN J	.W &
 N I&DQWK2J% W
P6R JXWKLDQM&ﬂ 	 s   P ﬁ	J% WB$~W Mﬂ J%	'aKFG: W U.U	cD '] (^UVM[JLP6U 9 W U J% W ﬁ7&ﬂﬂ $nP6R#TI:LQRaNQPLJLPWQR 
%c  '] (pk]
)
 









QK	PSR J% W PSR JXWXT[KM&ﬂhﬁ7QK"@























T&ﬀph\R~O O e SQp!`OQP
pﬀO dfehg p S]R d  ﬁ)~
ph~|ŁkTU~Yj O g ph^
TU~
j S]O g pﬀO]Rkjh`OQPYR/bRph\OQP
 gQe ŁRSQS ﬀp g TUpﬀOQT e ~
Sp g R~ e O ^
WYR9O e ph^
^|T\OQT e ~ ehg  T\OQP|^ g pﬃph ehd Z e ~YRk` y I e O]ROQP
pﬀO
OQPYRphS]OVUTU~YR ehd OQPYR pﬀX e hR RﬃFW|pﬀOQT e ~_TUSbRﬃFW






































































































































































































































% WJLKMONQPSR#TﬀUVJLKM[JXWXT[Z:]IP6U UWAﬂ ﬁ"8
9























ﬁ ]  H */J% WR c

 
'] ( P U M 'CQU}PLJLPND[W ﬂ  :.M&ﬂM@GMQK JLPSR#T#M&ﬂ WA*^M[RaN




























































^ X` \RkO]OQT~Yj c

)






























p hR cD '] (p s
dehg



























y q jT&hR OQPYR TU~O]R g  g RkOQpﬀOQT e ~
ehd OQPYR phSQSQW
Z|OQT e ~[Z[ph^YR e ~[OQPYR SQRkO  y #z~|^YRkR^#T d OQPYRS]RkO TUS ~ e ~YRZ
O ` OQPYR~
OQPYR g R p g R_~ e p g X|T\O g pﬀjhR e 
 ehg OQW
~|T\OQT\RS yr R~
ŁRh9T\OTSi e SQSQTUX|\RO e S]RkR ~ e  OQPYR
SQTZ[TUUp g TUO`0 T\OQP_OQPYR^|TUSQŁ g RkO]R OQTUZ[RiS]RkO]OQTU~YjY  PYR g R ~ e p g X|T\O g pﬀjhRph~
^ ~ e ~
RZ
O`
 p g R O6 e RﬃFW|T& phUR~O Ł e ~
^|T\OQT e ~
S y =
# ~_S]|T\O]R ehd OQPYR g RSQW|\OQS ehd OQPYR  g RŁR^
T~YjSQRŁOQT e ~#OQPYR Ł e ~
^
T\OQT e ~ OQP
pﬀO!] XcR e ~YjS
O e H ^ e RS~ e OR~
SQW g ROQPYR W
~
T5FaWYR~YRS}S ehd OQP
R g TUŁR _ y N X g TUjPObRphZ[|\R Z[ph^YR
Xa`  p gQg TS e ~mph~
^
x




T5FaWYR~YRSQS ehd OQPYRi g TUŁR S]`S]O]RZ yb{ PYRk`_S e &hR OQP
R  gQe X|URZ X`rTU~O gQe ^
W
ŁkTU~Yj
p g R d R g R~





j D'  ( phSOQPYRSQRkO ehd
phUcOQP
R  g R^
TŁOQpﬀX|\R  gQe ŁRSQS
 wO"$ 	 s  $dehg  P
TUŁ}P_OQP
RiTU~

































JLKMONQPSR#T U JLKM[JXWXT[Z P UUMQPLN JI}W	123&465)


















































































































M ;RM ; { ﬁ
%DW ! R<PWQ7! WY'aK}PW:}W M'U}UAG: PLMOJXW N $nPLJ%J%DWEM[JJYM[P6RaMhAﬂ W	:.QR JLPSRﬃ8














































M ;RM ; l































  ﬁ7QK UA&@ Wk'aK6 :}W U}U  .WAﬂ QR#TOP6R%T










































































DQWK}Z^@ M[K JLPSR#T Mﬂ W ﬁﬀ 9w["$ 	 s   (?:.M[R3}W KW 'aK W UWR JXW NP6R_J% W ﬁ7QKL@




   
ﬁ7QK^UA@GW   .W7ﬂ [R#T[PSR#T J D'  ( YK W'aK W U WVR JYMOJLP)QRI'aK6"'DWVKVJLZ &-

 
 % M'U WTV#M: J)ﬂ ZIQR8W WAﬂ WA@ WR J YU}PSR#Tﬂ WJQR :LQRaNQPLJLPWQR &-
=
o











I e O]R OQP
pﬀO phS TU~ OQPYR g RŁR^
TU~
j S]RŁOQT e ~ OQPYRSQT~Yj\RkO e ~ Ł e ~
^
T\OQT e ~ ehd OQPYR S]RkO
TUS9pi~
RŁRSQSQp g `[ph~
^ SQWBu ŁkTUR~O9Ł e ~
^|T\OQT e ~ dfehg OQPYRŁ e Z|\RkO]R~
RSQS ehd OQPYR Z[p g !hRkO y
 	 ﬀﬃﬂ    $#&%('  #
ﬂ#  ﬂ 














































































































































































































































































































































































































































ﬂG/ '( &$K1ﬁ"ﬀ ﬀﬁ"$K"!1 ﬀﬁ!#y@K!RI!0%2y!1-0ﬀ !1-&ﬀﬂ%'y N/&@ﬂ*$ﬂ  z*ﬀ!#1 ﬀ0y @62zﬁ ﬀ












|p g phZRkO]R g TS phSQSQW|ZR^[O e X Rﬂ!a~ e  ~ y NS Z[pﬀO]O]R gbehd#d phŁOkaOQP
Rﬂ e UpﬀOQTUT\O`TUS ~YRﬀhR g
!~ e  ~ ph~
^ T\O TS g Rk|phŁR^ Xa` T\OQS RSQOQTUZ[pﬀO]R^P phUW
R yD* W
Ł P p SQWYX|S]OQTUOQWYOQT e ~ TUS OQPYR
ŁkphW
SQR ehd OQPYRS e Łkph\R^0 e pﬀOQTUUT\O ` Z TUSQS]cRŁkTNﬁ)ŁkpﬀOQT e ~ gQe X|URZCOQP
pﬀObX R e ~YjS9O e OQPYR
Z ehg R jhR~YR g ph ﬁ)RU^ ehd Z e ^
R g TUS4! y
L ~YR ehd OQPYR&S e UWYOQT e ~
S O e OQPYR; gQe X|\RZ=TUS_O eg RZ e hR&OQPYR&phS}SQW
Z
OQT e ~ ehd
pO!~ e  ~  e UpﬀOQTUT\O` y { P
TUSTUSOQPYRrphTUZ ehd S]O e Ł}P
phSQOQTUŁ e UpﬀOQTUUTUO` Z e ^YRUS  PYR g R
 e UpﬀOQTUT\O` TUS phSQSQW|ZR^mO erde  e Jp_ g}e ŁRSQS  P e S]R7ﬀp g TUpﬀOQT e ~
S p g R[^
RSQŁ g T\XcR^ X`
p S]O e Ł P
phS]OQTUŁ^
TNcR g R~OQTUph#RﬃFaW
pﬀOQT e ~ y C TUOQP OQPYR RYŁRk
OQT e ~ ehd OQPYR 9 t*xC^
TN#W
SQT e ~
Z e ^YR)TU~O g}e ^




phS]OQTŁﬂ e UpﬀOQTUT\O`[Z e ^YRS9OQPYR g RTUS
OQPYRphSQSQW
Z[
OQT e ~ OQP
pﬀO OQPYR S e W g ŁRS ehd W
~|ŁR g OQphTU~O`^ g T&TU~Yj OQPYRM e UpﬀOQTUUTUO` gQe ŁRSQS
p g R~ e O9OQPYR SQphZR e ~
RS ^ g T5aTU~
jOQP
R  g TUŁRV gQe ŁRS}S y N ŁkŁ ehg ^|TU~Yj O e  p g pﬀO4JphS 	 tq  
OQP




TUS ŁkphS]R[Z p g !hRkO TU~






S}TU^YR g pﬀOQT e ~|S y #z~|^YRkR^#|Xa` R e jhR~ e W
SQU` phSQSQW
Z[T~Yj p g TUS4!_ g RZ[TW
Z.S]O g W|ŁOQW g R
dfehg  e UpﬀOQTUUT\O ` g TUS"!)cOQPYR ~ e p g X|T\O g pﬀjhRp g jW|ZR~O Łkph~mXcR W
































































































































































































































   ﬃﬀ  % 	 
































































































































































41 ﬃ BUVJLKM[JXWXT[Zﬁ7QK2M/U.%=[K J 'C'U}PLJLPWQR PSR J% W :.QRﬃ8























41 ﬃ  U JLKM[JXWXT[Z ﬁ7QK/M(ﬂ QR#T ' 'U}PLJLP)[RFPSR J%DW :.QR 8
JLP6R#T%WVR JE:Gﬂ M[PN@ JCP6UBM U WAﬂ ﬁL8 9 RaM[R:PSR#TJLKMONQPSR#TFU JLKM[JXWXT[Z ] ﬁ7QK	$>% P):7%cD1'] (  JY-
=
N S}WYcR g PYR^YjTU~
j S]O g pﬀO]Rkjh` ^ e RSi~ e O g Rk|TUŁkpﬀO]R[OQPYR ŁkUphTUZ y t hR~ S e  T\Oip  e TU^
S
ph~`  e SQS]RSbpﬀO OQPYRR|T g pﬀOQT e ~ ehd T\O y
u
ehg R e hR g |OQPYRŁ e ~|SQTU^YR g R^ O g ph^
TU~
jS]O g pﬀO]Rkjh`





TNcR g R~OQTUpﬀO]RS_OQPYR; g RS]R~Orpﬀ
 gQe phŁ}P dfgQe Z=OQPYR g TS4!
Z[TU~
TUZ T&JpﬀOQT e ~PYR^YjTU~Yj Z[RkOQP e ^ ^YRﬀhR e cR^ X`
o
e UZR g ph~
^ * Ł P bRT&JkR g 	 q Z   	 q
o
 
 PYR g R OQPYR O g ph^
TU~Yj[S]O g pﬀO]Rkjh`_ph e  S ph^
^
T\OQT e ~|ph)O g ph~
S d R g S ehd d W|~
^
S y
N ŁkŁ ehg ^
TU~Yj O e OQP
R pﬀX e hR ^YRﬁ ~
T\OQT e ~
S OQP






( dfehg OQPYR ~ e ~ pﬀO]OQphTU~




 TU~ d ﬁ'c< '] ( F]  H





 SQWY_ﬁ'c< '] ( ] H




















































































































J ﬃ! # &



































































































































































  /  G

  
     




















































































































































































































































































































































































































































































































































































 g TUŁR Łkph~ XcR e X
OQphTU~
R^Xa` S e &TU~Yj p
x
 t ph~
^VjhR~YR g phU\`h TUO TUS  e bR g OQP
ph~





 gQe phŁ P yBL ~mOQP
R e OQPYR g P
ph~|^#OQPYRX|W
`hR g   S
 g TUŁR TUS P|T\jPYR g OQP




 gQe phŁ P# S e OQP
pﬀOOQPYR
~ e p g X|T\O g pﬀjhR  g TUŁkTU~Yj TU~O]R g ﬀphTUS g R^
W|ŁR^ y
# ~ ehg ^YR g O e S}P e HS e ZR~W
Z[R g TUŁkph g RSQW
UOQSkph~;pﬀ
|UTŁkpﬀOQT e ~ O e  RS]O e ~ 	 ts 
Z e ^YR#TUS g RS]R~O]R^ y9 e  RﬀhR g  ~ e O]R OQP|pﬀOVOQPYR dfe U e  TU~Yj ph~
ph\`SQTUSTUSVSQWBu ŁkT\R~OQU`
jhR~YR g ph ph~
^ Z[ph~` e OQPYR g S]O e Ł}P
phSQOQTUŁQ e UpﬀOQTUT\O`"Z e ^YRUS[Ł e W|U^XcR Ł e ~
SQT^YR g R^ y
# ~ OQP
TS dfg phZRﬀ ehg !  R TU~ hRS]OQT\jpﬀO]RmOQPYR g R^
W
ŁOQT e ~RcRŁOrTU~OQPYRm~ e p g X)T\O g pﬀjhR
 g TUŁkTU~Yj&TU~O]R g ﬀph y C;R;SQP e ?OQP
pﬀO OQPYR dehg ZW
Up& gQe  e S]R^ Xa`  RS]O e ~#1 TUOQP p
 g}e  R g Ł}P e TUŁR ehd |p g phZRkO]R g SkaŁkph~ XcR Ł e ~
SQT^YR g R^[pij ee ^ pﬀ| gQe YTUZ[pﬀOQT e ~ ehd OQPYR
S]R\R g   SVph~
^rOQP
R X|WY`hR g   S  g TUŁR dfehg |UphTU~Bﬀph~
TUUp e |OQT e ~
S y
# ~ * RŁOQT e ~rq y
X
 R SQP e  OQPYR Z[phTU~ g RSQW|\OQS ehd OQP




p g -phS	 y y* RŁOQT e ~_q y q T~O gQe ^
W
ŁRSbpjhR~YR g phc|p g phZ[RkO g TUŁ SQ RŁkT&ﬁ)ŁkpﬀOQT e ~ ph~
^
SQP e  SnP e T\OnTUS e SQS}T\X|\R O e Z e hR dfgQe Z p1 e UpﬀOQTUT\O` Z[TSQS]cRŁkTNﬁ)ŁkpﬀOQT e ~  gQe X|\RZ O e
p[Z TUSQS]cRŁkTNﬁ)ŁkpﬀOQT e ~  gQe X|\RZ OQP
pﬀO TU~  e 5hRS e ~


























     %! #
 	ﬂ # ﬂ   #









































































































































































































































































%A8 g	 A8  "?	













































































































































ZXcR g ehd TU~
^YRkcR~
^YR~O S e W g ŁRS ehd W|~




ZX R g ehd#g TUS4!a`phSQS]RkOQSkaOQPYR Z[p g !hRkOTUS T~
Ł e Z|\RkO]R y  RŁkphW
S]R ehd OQPYR TU~
Ł e Z 
|\RkO]R~YRSQS OQPYR  gQe X|pﬀX|TUT\O`;ZRphSQW g R  TS~ e OW
~|T5FW
R y  RkO W|S^
R~ e O]Rﬀ OQPYR




(P e U^|S dfehg S e ZR~ e ~ph~OQTUŁkT\|pﬀOQT&hR
 e UpﬀOQTUUT\O ` d W
~
ŁOQT e ~ SQpﬀOQTUS d `aT~Yj OQPYR de  e  T~YjŁ e ~
^
T\OQT e ~w





 j:"$ 	 s    ' q y qS(







  y # ~ e OQPYR g  ehg ^|Sk OQP
R S]RkO Ł e ~OQphTU~|S phU





OQT e ~ ' q y qS([TUZ|UTURSiOQP
pﬀOOQP
RQI e aT&! e Ł e ~
^
T\OQT e ~
dehg OQPYR gQe ŁRS}S Q TUS O g WYR y  R~
ŁRh OQPYRSQRkO LTUS p SQRkO ehd Z[p g OQT~Yjph\RZ[RphSQW g RS
'~ e O vQW
S]OV e ŁkphZ[p g OQTU~
jph\RS)( dfehg OQPYRi^
TSQŁ e W
~O]R^_ g TUŁR  g}e ŁRSQS/A8  H y =
{ PYR~ e p g X|TUO g pﬀjhR[ g TŁR ehd OQPYR[Ł e ~OQTU~YjhR~OŁkUphTZ J%'YA
1 ( UT\RS XcRkO bRkR~;OQPYR de  




































































































































































































































































































































































































*K-| &T!1ﬁ 1-y@K)"&"+*512ﬂ<**&ﬀ'(8 ﬃ(V":WLN"&ﬀ@#"&)-,-AQ$V@1X*y ﬀ!1XV*A ,A
C






















SQTU^YR g p X|W







shs y { PYR g TUS4! dg RkR g pﬀO]R TUS s & s y ph~
^ OQPYR e |OQT e ~ Z pﬀOQW g T\OQT\RS p g R
X e OQP
n
Z e ~OQP|S y
u
ehg R e hR g #\RkO phS phS}SQW





Q R TU)UTUR TU~
SQTU^
R OQPYR T~O]R g ﬀph 	 s &
X
Qs & y y
 ` W
SQTU~Yj pQ9 g ph~$! I TŁ}P e US e ~ SQŁ PYRZR 
ﬀ bRŁkph~ S e &hR RﬃFW
pﬀOQT e ~





TNcR g R~OR phUW
RS ehd OQPYR W






R ^ e O]O]R^&UTU~YR TU~ OQPYR ﬁ|jW g R g Rk g RS]R~OQS OQPYR[S] g Rph^m g TUŁRphŁkŁ ehg ^|TU~Yj_O e
 UphŁ ! * Ł P e \RS dehg ZW
p y
# ~ |p g OQTUŁkW|Up g cT d bR phS}SQW
ZROQP
pﬀOEAo)E w s#OQP
R g TUŁRSphŁkŁ ehg ^
TU~Yj_O e RﬃFaW
p 
OQT e ~|S0' q y[y ( ph~
^ ' q y
n





^ y & Z y
X








 e bR g OQP
ph~ OQPYR  phŁ"! * Ł}P e URS g TUŁR e X
OQphTU~YR^ Xa` Ł e ~
S}TU^YR g TU~
j p
 e UpﬀOQTUT\O` ehd s & Yay =














































































   !  #   	ﬂ #  ﬂ  

 (  ' 































%Ao  }A8 





Q  	 ' Q 4<
 ( O"? ' Q "<



































































































	 ' ' 4<
 (Vph~
^  ' Q 4<




S ehd Q y NUŁ e R u ŁkT\R~OQS ^YRﬁ)~YR^
p g R SQWY
 e S]R^_O e X R ph^|pﬀ
O]R^rO e ﬁﬃ! ( y
RkOW





















































($TUS p   bgQe  ~
TUph~rZ e OQT e ~ y N S W|SQW
ph ﬀOQPYR ~YRﬀ gQe X|pﬀX|TUT\O`






















 ' q y
o
(

















pﬀOQT e ~|S8' q yzZ (VŁkph~ X RT g T\O]O]R~ phS
 A8   A8 







 '   

' Q "<
 (  "?  ' Q 4<


























 (n 	 ' Q 4<
 (
v






























































































































A8  ' Q 4<
 ( 
v




































































































































































































































# ~ ehg ^YR g O e ph^
^ g RSQS OQPYR  gQe X)\RZr  R[Ł e ~|SQTU^YR g OQPYR |p g phZ[RkO]R g  phWYRS W
~
!~ e  ~ ph~
^  R phS}SQW
ZR[OQP|pﬀO dfehg RﬀhR g `;|p g phZRkO]R g OQP


























ŁR OQPYR SQRkO ehd  e UpﬀOQTUT\O`"|p g phZ[RkO]R g S TS ~ e  e ~YjhR g W
~|T5FW
Rh RﬃFaW




~ e O W
~
T5FaWYR\`[^




ehd phUc g}e X|pﬀX|TUUTUO` ZRphS}W g R Ł e ~
SQTS]O]R~Oﬂ T\OQPrŁ e ~
^





I e O]R OQP
pﬀOk T d OQPYR  gQe ŁRS}S Q iSQpﬀOQTUS4ﬁ|RS[Ł e ~
^
TUOQT e ~ ' q y qS([OQPYR~





~|^YR g Ł e ~
^
TUOQT e ~G' q y qS( OQPYRS]RkO  
TUSp SQRkO ehd Z p g OQTU~Yjph\RZRphSQW g R dfehg OQPYR^





SQphZ[R g RSQW|\O9Łkph~[XcR e X
OQphT~YR^Xa` phS}SQW
Z[TU~






y9{$e  gQe hR OQPYR UphS]OVS]OQpﬀO]RZ[R~Oph~
^ dehg p ^
TUSQŁkW
S}SQT e ~ e ~_OQPYR SQWYXv]RŁO


























ﬁJ% W 'aK P): W^NQZQRaM&@BPW:VUP6UN WVUA:K P.W N^VZ ' q
y[w
(MQRaN MQU.UL!C@ '8






































































Z[p    

' ' 4<


































































Z[TU~    ' 
 
<













% W UA&ﬂ !DJLP)[R 6ﬁ J% W<L'oJLPN@BP M[JLPWQR 'aK6hAﬂ WA@ ' q
y
t ( P U TOPND[WVR Z J% W UVM&@ W	




































































































     # ﬀﬃﬀﬃﬂ# ﬀ   #  ﬀ  $ ﬃ ﬂ
{ PYR  RS]O e ~ Z e ^YR#TUSVŁ P
p g phŁO]R g T5JkR^ Xa` OQP
R de  e  T~Yj^
Rﬁ)~
T\OQT e ~|Skw
	 ' Q 4<
 ( w* 	
v




 PYR g R4
 s_
 s_ph~
^[p g R |p g phZRkO]R g S y #z~ ehg ^YR g O e jhRkO Q ~ e ~m~YRkjpﬀOQT&hR
p y S y
dfehg phUo"  e ~YR P
phSVO e TUZ e S]R




\OQS ehd OQPYR jhR~YR g ph RﬃFaW
TUUT\X g TUW
Z.Z e ^YR ehd 9 e c,# ~YjhR g S e U
ph~
^.2 e SQS 	
X
y    RSQO e ~Bﬁ)~
^
Sbp  e pﬀOQTUUT\O ` g TUS4! g RZ[TUW






pﬀO OQPYR  g}e ŁRSQS



















' 2 ' q y
X`n
(
 PYR g R

TUS p_Ł e ~
SQOQph~O y { PYR g TUS"!ph^ vQW
S]O]R^  gQe ŁRSQS TU~ OQPYR  RS]O e ~&Z e ^YR Łkph~
OQPYR~rXcR  g T\O]O]R~ phS







































































































































































































































































































































































































ŁR Q bTS s &
X
Yay { P




Z[pﬀOQT e ~ ehd OQP
R  RS]O e ~_Z e ^YR|^ e ~
R e ~ OQPYR * 
x
y shs e |OQT e ~  g TUŁRS X`.9P
R g ~ e 
ph~
^  P`S]RUS 	
X
q y { PYR g RS]O g TUŁOQT e ~    q TUS g RS]cRŁO]R^ y
{ PYR SQWYcR g PYR^
jTU~Yj g TUŁRS phŁkŁ ehg ^|TU~Yj O e RﬃFaW
pﬀOQT e ~ ' q y
X
qS(9p g R g Rk g RS]R~O]R^[TU~
o
T\jW g RS9q y q ph~
^q y[Yay #z~| e O1'p ( ehd X e OQP;ﬁ)jW g RSkhS]RUUR g   S ph~
^ X|WY`hR g   Sn g TUŁRS p g R
Ł e Z)WYO]R^[Xa`[\RkO]OQTU~Yj ph









# ~&OQPYR O  e ﬁ)jW g RSk  R cR gQdfehg Z p S ehg O ehd S]R~|SQT\OQT&T\O`mph~
ph\`SQTUSiO e SQP e   P
pﬀO
|p g phZRkO]R g S Z e SQOQ\` TU~  WYR~
ŁROQPYRS] g Rph^m g TUŁR y # ~ ph$OQP
R ŁkphSQRSk$S]R\R g   Sph~
^
X|W




pﬀO OQPYR>ﬀphUWYR ehd OQPYR |p g phZRkO]R g S TUSOQPYRZRph~ ehd OQPYR




T\jW g Rq y t_SQP e  S OQPYRi^|TN R g R~
ŁRS XcRkO bRkR~ SQWYcR g PYR^YjT~Yj  g TUŁRS ph~|^  RS 
O e ~r g TUŁRS y # ~ ehg ^YR g O eg RZ e hR OQPYR ^YRkcR~
^YR~
ŁR e ~_OQPYR ŁkUphTUZ Z e ~
Rk`a~YRS}SkYOQPYR
^
T& R g R~|ŁRSﬂbR g R^|T&aT^YR^rXa`rOQPYRW|~
^YR g \`TU~Yj  g TUŁR y # O TUS Łk\Rp g OQP|pﬀO OQPYR ^
TNcR g 
R~
ŁRS p g R P
T\jPYR g  PYR~ e ~YR ehd OQPYR O  ee 
OQT e ~
S ehd OQP


















































































































































































































































































































































































































































































































































































































































































   
|
e

































































































































































  s & s
y
ph~





































































 Hs & q
y

























































































































































































   
)
e

































































































































































 Hs & q
y
   s &
y















TUŁR F s & s
X





















































































































































































W+ − Heston price
W− − Heston price 
o
TUjW g Rq y tYw/ TNcR g R~
ŁRS X RkO6 RkR~mSQW
 R g PYR^YjTU~Yj  g TUŁRiph~
^  RS]O e ~   S  g TUŁR y #z~
ehg ^YR g O e g RZ e hR OQPYR ^YRkcR~
^YR~
ŁR e ~[OQPYR e 




~|^YR g \`TU~Yj g TUŁR y












W+ − Avellaneda price










































































































































































































































w 9 e Z)p g TUS e ~ XcRkO bRkR~  g TŁRSrphŁkŁ ehg ^
TU~Yj"O e RﬃFaW
























































( s y[YDy t ' Yay[YDy
 






























   s & t Y#Z ( y
N 
x





Q g s & q yDw ( y
    ﬀ ﬂ ﬀ
































































































































^O R ﬁ)~|^ p
x





































































































































































































































































































































   
|
e




















































































































































































    
        
  G       






































































































































































































































































































































































































































































































































































































































TUS g Rkjp g ^
TU~YjOQPYR W
~
^YR g \`aT~Yj g RkOQW g ~_OQTUZR S]R g T\RS y #z~|^YRkR^#YOQPYRk` jhRkO
OQPYR |p g phZRkO]R g SXa`mZ TU~
TUZ[T5JTU~Yj OQP
R SQW
Z ehd OQPYR S"FaW
p g R^&^
T& R g R~|ŁRS XcRkO bRkR~
Z e ^YRc g TUŁRS ph~





W g RrZ e ^YRVŁkphUT\X g pﬀOQT e ~"^ e RS~ e OjhR~YR g phUU` phU e .W
S O e cR gQdfehg Z p;Ł e ~
ﬁ)^
R~
ŁR TU~O]R g ﬀph9RS]OQTUZ pﬀOQT e ~ dfehg )p g phZRkO]R g  phUW
RS y { P
TUS  g}e X|\RZ Łkph~ XcR g R
Z e hR^ Xa` W
SQT~Yj ph~ RSQOQTUZ[pﬀOQT e ~  g}e ŁR^
W g R y #z~|^YRkR^# OQP
R RSQOQTUZ[pﬀO ehg S ^|TUS]O g T 
X|W
OQT e ~# pﬀO URphS]OOQPYR phS]`Z
O e OQTUŁ e ~
Rh TUS jhR~YR g phU\` !~ e  ~ ph~
^p;Ł e ~Eﬁ ^YR~
ŁR




^#cOQPYRŁ e ~OQTU~W e W
S OQTUZR dfg phZR
 ehg ! ehd p SQO e Ł P
phS]OQTUŁ  e UpﬀOQTUUT\O ` Z e ^
RTU~O gQe ^|W
ŁRSS e Z[R S]R g T e W
S# gQe X)\RZ[S e ~OQPYR
RS]OQTZ[pﬀOQT e ~  gQe ŁR^
W g R yO* OQph~
^
p g ^ RS]OQTUZ[pﬀOQT e ~ O]RŁ P
~
T5FaWYRSk SQW
Ł P phS Z[p YTUZW
Z
UT5!hRUTUP eae ^ RSQOQTUZ[pﬀOQT e ~ ehg 
u u





~ d RphSQT\X|UR y
u
ehg R e hR g #OQPYR g RTS p ^
TUSQŁ g RkOQT5JpﬀOQT e ~ X|TphS OQP
pﬀOP
phS
O e XcR OQp+!hR~ TU~O e phŁkŁ e W
~O y
# ~ OQP|TUS dfg phZRﬀ ehg ! )OQPYRTU~
^
T g RŁO TU~ d R g R~
ŁR RSQOQTUZ[pﬀOQT e ~ ZRkOQP e ^ TU~O gQe ^
W
ŁR^
Xa`  e W g T\R gQe WY RkO ph y 	 Y t  TSVpﬀ

































































































































































































































































































































































































































































































































































































































ehg OQPYRSQR g RphS e ~|Sk)OQP
RZ[phTU~ j e ph ehd OQP|TUS Ł P
pﬀ
O]R g TUS O e O]RS]O
RZ|T g TŁkphU\` OQPYR  gQe cR g OQT\RS ehd TU~
^




O ehgy NŁkŁ ehg ^
TU~Yj O e OQP|TUSVphTUZrYOQPYR Z phTU~ de ŁkW
S/ TUU)X R e ~r)p g phZRkO]R g RSQOQTUZ[pﬀOQT e ~
W
~
^YR g   T y R y Xa` W





ji g TŁRS  TUU XcR Ł e ~
SQTU^
R g R^ e ~
\` phS pO]R g Z ehd Ł e Z[|p g TUS e ~ y
{ PYR_S]O e Ł}P
phS]OQTŁ. e pﬀOQTUUT\O ` Z e ^YRUSŁ e ~
SQTU^
R g R^ p g R OQP
R  RS]O e ~ Z e ^YRbph~
^
p Z e ^YR  gQe  e S]R^ X` Rﬀ TUS 	 t
o
 'PYR g Rp d O]R gqY  q Z e ^YR ( ym{ PYR_SQphZRrphWYOQP ehg
 gQe  e S]R^rpcR g OQW g X|pﬀOQT e ~_pﬀ
 gQe phŁ P e ~rOQP
Ri^
TN#W
SQT e ~ |p g phZRkO]R g O e jhRkOph~ pﬀY
 gQe YTUZ[pﬀO]R^ e 
OQT e ~  g TUŁR W
~|^YR g pmŁkUphSQS ehd SQO e Ł P





RSbphS e OQPYR  RS]O e ~ Z e ^YR y
m
~|^YR g  )O6 e RSQOQTUZ[pﬀOQT e ~ZRkOQP e ^
S p g RV gQe  e S]R^#w$OQPYR ﬁ g S]O e ~YR TS X|phS]R^ e ~
ph~ TU~|^
T g RŁOTU~ d R g R~
ŁRph~|^ OQPYR S]RŁ e ~
^ e ~mph~ t
u u
RS]OQTUZ pﬀO ehgy L 
OQT e ~  g TUŁRS
p g R ~ e O9W
S]R^^|T g RŁOQ\` y
o
ehg RSQOQTUZ[pﬀOQT e ~)W g  e S]RS  UphŁ"! * Ł}P e \RS TUZ[|UT\R^8 e UpﬀOQTU 
T\OQT\RS.'P
R g Rp d O]R g[1* # x>( p g R_W
S]R^ y * TU~|ŁR OQPYR  gQe ŁRSQSOQP
pﬀO j e hR g ~
S OQP
R 1* # x
^Y`a~|phZ[TUŁkSTUS W
~$!~ e  ~9T\OTSŁ e ~ hR~
T\R~OO e pﬀ






















~ ph~|^ T\O Łkph~ XcR SQW










































































































































































































































































































































































































































































































































































TU~ * RŁOQT e ~ Yay
n
ph~mpﬀ
|UTŁkpﬀOQT e ~ O e OQPYR *  TSQS Z[p g !hRkO TUS ^




  	  %(   	   %( 
 RkO W
S Ł e ~|SQTU^YR g p[ gQe ŁRSQS^ﬁ'A8 (  


  T\OQP S]O g TUŁOQ\`_S]OQpﬀOQT e ~
p g `rTU~|Ł g RZR~OQS^ﬁ[ (








   J














TUS OQPYR|p g phZRkO]R g hRŁO ehg  J

'& ( ph~|^ J

'& ( p g Ri|p g phZ[RkO g TUŁ
d W
~
ŁOQT e ~|Sk	  TUS p UpﬀO]R~OBﬀp g TUpﬀX)\R ph~
^ OQPYR
^
TUZR~|SQT e ~ g}e ŁRSQSFﬁ  (;TUS TUTU^
^
TS]O g T\X|W
O]R^. T\OQPrZRph~ sﬀp g TUph~|ŁRph~
^!~ e  ~ ^
TUS]O g TUX|WYOQT e ~ y
o
ehg p jT&hR~QﬀphUWYR ehd OQPYRi|p g phZRkO]R g S 
Y|Z e ^YR ' Yay
X
( ^YRﬁ)~














































RhD    TUcX RŁkphU\R^_UVJLKL!ﬃ:78
J)! KM&ﬂ @  N WAﬂ ph~
^ 






























































































































































TS OQPYR M&!V[Pﬂ PLMQK Z

























































































































































































7ﬂ! ﬀ!1'y ﬀ!@1 + US/ 1 +0 y ﬀ!'(41ﬁﬂ=&ﬀ!E  ﬂ10 %ﬁ ﬀ$ﬂ z*&ﬀ@+ﬁ+ﬁ!!R ) 6 $%*&ﬀ$ !/+ !1 
&ﬀﬂ%-y$ﬂ












pﬀO +/1 Ł e ~ hR g jhRS p y S y O e p~ e ~S]O e Ł}P
phSQOQTUŁ TUZ[T\O d W
~





  +ﬁﬀ' 
')- (&
 P



















<1 TUS pŁ e ~
S}TUS]O]R~O RS]OQTUZ[pﬀO ehg ehd a) y
{ PYRUTUZ T\O d W
~
ŁOQT e ~ +ﬁﬀGŁkph~&XcR^YRﬁ)~YR^ dfehg prjhR~YR g TUŁ  phWYR ehd 







ŁOQT e ~<d+' 
 ( w #" ! TSVTU~O g}e ^
W|ŁR^#w
d+' 






# d dA'& (MphST!~ e  ~;ph~
^ e ~YRO ere ~YRhOQP
RRSQOQTUZ[pﬀO ehg%$




<1 (M e W|U^ X Rp
Ł e ~
SQTUS]O]R~O RS]OQTUZ pﬀO ehgiehd 

)






phSijhR~YR g phUU` ~ e 
Łk e S]R^ dfehg Z y  R~
ŁRhOQPYR T^YRp TU~[T~
^
T g RŁO9T~ d R g R~








D1 ( X)phS]R^ e ~rOQP
R SQTUZW
UpﬀOQT e ~
S ehd OQPYR  gQe ŁRS}Sﬁ[ ( y
e W g TUR gQe Wc
u
e ~ dfehg O_ph~
^ 2 R~
phW



































































































































































































































































































































































































U~,ﬂD 'ﬁ[ 4< (
dfehg
 -&
*6  ﬀ!6 KNﬀ ) %ﬁ+2.yUE  F!+#U&  1-| &ﬀ67ﬀ!#1 L &ﬀ!Rﬀ &ﬀ!@143 ) L65 !7%ﬁﬂ A  !y$1	+ 
 1 ﬀﬁ" 6 !1ﬁ!6 ! *!1ﬁﬀ ﬀﬁ $'( & ﬀ )  L !X-%ﬁ!'@"1-Pﬀ	67*!#6 ! *!1 ﬀ ﬀ -%2"!D ﬀ 
!E(!ﬁ-ﬂ/| %ﬁ1-y ﬀ!@1<.|Wﬀﬁ "% *!! &)<6 ﬂ*HA
Y t










SQT\O ` d W
~
ŁOQT e ~ ehd OQPYR phWYTUUTp g `[Z e ^YR#pﬀO
OQTUZ[R^" y  R~
ŁRh
RﬃFaW
pﬀOQT e ~G' Yay qS( ph~
^ ' Yay[Y (VXcRŁ e ZR ﬁ
@













































< (/& ' Yay
n
(
{$e SQW|Z[Z[p g T&JkRhOQPYR TU~|^




y  `rOQp+!TU~Yj Z[p g !hRkO ^|pﬀOQp)phWYTUUTUp g ` |p g phZ[RkO]R g S p g RiRS]OQTUZ[pﬀO]R^ 'fRﬃFW|pﬀOQT e ~
' Yay[y ( ()<
q y NO RphŁ}P SQO]Rk ehd OQPYR e |OQTUZ[T&JpﬀOQT e ~ ph\j ehg T\OQP
Zr p"SQTUZW


















































































































































































































































































#%8ﬃE*ﬂ  Wﬂ ﬃ:ﬃ 
$ 7:ﬁ:*: 3 %#6ﬀ:ﬃ#%ﬂ Y W#6!!

*<&#6 %3










































!Dﬂ ﬃﬂ  )S	#%C+DB8	!:*#%ﬃ,+IP,
ﬂ!I#%ﬂ








































































































































































































































% #%:@S% ($	& 
"
D1 6 1*($	& 
"










   	  	  $# !
 #








































































































































































































:*,ﬂD 	ﬁ[  ) # *  &

















H1  6#6 L
c
-
:*,ﬂ< 	ﬁ[ a)& O*kH &
(ﬃ%3M

































































































































































































































#%ﬂ P <E! %











































































a#%ﬂ P <E! %


















































































































































d< #ﬂ8*ﬂ  ﬃI)ﬃﬂ 








































































































































































































































































































































































































































































































































































































































































































































































































































55'& "3+8+-"3 & "3 #A	("3* ) 4,5 ,+ -/.10 O
  

































































































































































































































































































































































































































































































































U:c1L^_IZd]:O6ZdPPCQ.RVOﬂ_¡UWLU:c1O JOﬂIWUWL9Y m"L^_1OﬂQZ'YC_ UWLU:c1O
(
8






























































m"L^_1OﬂQ(' ^GL3 d HG '' HG ''
% IWO
































































































































































































U:c1L^_ i RSY U:c1OfC]EIWU
TgL9QSXCmY U:cO






















^G '  ^G 'ﬃ
8















































































































^G  I3 ^G  
 
 ^GL3  I3 ^G 
8
  






^G dﬃ ^G ﬃ ﬃ   HGL3ﬃI3













^G 3ﬃ  ^G
 















































































































































\RS¤9X1]:O HGL3 $1Z'TgU JOﬂIWUWL9Y m"L^_1OﬂQ G mPCRV]ERST
Z'Q_RSI:UW]ERV[CX1U:RSL9YI % IWL9Q.RS_6QSRSY1O 'JTgL9m0p


































































     	ﬀ






Z'Q_RSIWUW]<RV[CX1U:RVL9YCI % IWL9QSR._+QSRSY1O 'TgL9m"PCZd]:Oﬂ_\eRVU:c



















































































	 ﬂ ﬀﬁ	ﬃ	 
 
Zd[CQSOHG   I:U:RSmZdUWOﬂ_fPCZd]EZ'm"O
UWO

























































ﬃ % ^G ﬃ
8
 ﬃ ' ^G '   ﬃ      











 I3/  %43dG ﬃ ﬃI3
 ' p3^G '
8






























d' ^G '  ﬃ      







































' ^GL3/dI3 3dG 

 ﬃ  HG 3 ﬃ ﬃ HG '3M3M3




























































































































































 ^GL3    
 
^G   I3   ^G '

    ^G 
8











G      ^G
 

















































  ﬃ ^G  ﬃ  

 ^G '  ^GL3
 






 ^GL3      ^G   d3 ^G '

    ^G 
8



























   ^G '  ^GL3
 














^G       ^G '







  ﬃ  3dG  

 d  ^GL3I3 HG
 















^G '  ^GL3   ^G '  ^G     ^Gd
 
%, '
 ^G   ﬃ    ^G  I3
 
8





























HG    
8
 3dG    
8





































  ^G     3dG
8



























































	 ﬂ ﬀﬁ	ﬃ	 
 
ﬃ
\RS¤9X1]:O HG  7;ML9m"PZd]ERSIWL9Y£[O
U3eMO
OﬂY R.m"PCQSRVOﬂ_ 'L9QSZdU:RSQ.RVU3jI:mRSQVOkL'[U:Z'R.Y1Oﬂ_£[ojU:c1O
Og^Z'TgU OﬂI:UWL9Y `L']EmXQSZ % IWL9QSRS_\Q.RSY1O 'Z'Y_RSm"PQSRVOﬂ_6'L9QSZdU:RSQ.RVU3j+I:mR.QVOL'[U:Z'RSYOﬂ_\[Hj



















































































































































































































   ^G 
    







  ^G 
























HG  ﬃ  
























































































	 ﬂ ﬀﬁ	ﬃ	   I3
\RS¤9X1]:O HG   (
8















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    	     	  
	  











! 	%   	    ) 	ﬀ
	ﬀ"	
ﬂ
	$ 		ﬀ# 	*	+ ,#.- 




















































































































































































































































































































































































































































     
8
,





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   	 	 ﬀ




   
 	
 ! )   	  !  ﬂﬀ ) '( #
















































































ﬁ"$&e+10Kzy2$ﬁ(+"$  , $






















































































































































































































































4/265 7 89 9:9<;#=<2>?9A@9 A%B AC7:9 7C D 7;BC 7:<CAC7FEG=IH




































































































z*_K*PWK V'XYK*_aMR6XZS c P-UA^%PW]?_ﬁOQPW^TXZSTXZPWK^IX'K[\RT_aM-^%_a^ISTz_`X Ł[fVZScNXYKNSTz*_/MOOVYX 
[fMSTXZPWKNP-U!M-K+cM-KM-VZcﬂSTXY[fM-VQMOORTPWM-[zNS%P:_a^%STXY]4MS%_	®M~ﬂJLK`*_f_a`gﬂ_f{-_aKyK`*_fRiK*P-R%
]4M-V'XZScNP-UASTz*_/K`*_fR6VYcﬂXYK/RXY^ UM-[\S%P-R6^agSTz*_ﬁOQP-RTS%UPWV'XZP `XY^TS%R6XZb*STXYPWKX'^K*P VYPWK*-_fR
K*P-R]4M-VÄ~

Py^%PWVZ{-_/STz*_:K*PWK VYXYK_aMR6XZScyORTP-bVZ_a]¯^%PW]?_?]?_fSTz*P `^[fM-KbQ_:^%_a`#~ ]?PWK*
STz*_a] PWK*_[fM-K2`XY^%STXYK*WXY^Tz4STzPW^%_|bM-^%_a`¬PWK¬MOORTP  X']4MSTXZPWKNP-USTz*_3UK[\STXZPWKNbQ_\
S _f_aK¬KPWK VYXYK*_aMRiM-^T^%_fST^M-K`NK`*_fR6VYcﬂXYK|R6XY^  UM-[\S%P-R6^iURTPW] STz*PW^T_bM-^%_a`NPWKNSTz*_
^TX']ﬁV'MSTXZPWK^iM-K`yPWK¬M4UV'V{M-VYMSTXYPWKyP-USTz_K*PWK VYX'K*_aMRiOPW^6XZSTXZPWK^f~
 	 9
 >:=I>?;#=B A ;0=D?D:;73A =B AC7:9










































































































































1 z*_aK2PWK*_|UM-[\_a^}VYMRT-_|{MR6XYMSTXZPWK^ISTz*_fc¬MRT_/K*P-SXYKy-_aK_fR6M-VM4-P&P `MOORTPﬀ*XY]4M 
STXZPWK#~yJLK+STXYSTXZ{-_aVZc-g!STz*_ OR6P-bVZ_a]FX'^|STzMSﬁb&c_a^%STX']4MSTXYK* 	®M PWK*_ŁXY^ﬁXYK&S%_fRT_a^%S%_a`









M-[f[\PWK+SSTz*_|K*PWK¬KP-R6]4M-VYXZS c P-USTz*_|`*_fRXZ{ MSTXY{-_a^IRT_fST*R6K^IMRT_|STz*RT_f_-k










































































ﬂﬁﬃﬁGIHJK@&/H$ﬁLH ﬁﬀG &MH P 032ON/6 7 9);QP%9/;AﬁK*ﬂﬁEG &/BRHCJﬃP




















































































































M-*STzP-R6^^6[6zeM-KMOORTP  XY] MSTXZPWK¬OQ_fRTUP-R6]4^b_fS%S%_fRSTzM-KeM-Ke_a^%STXY]4MS%_/bM-^%_a`PWK
zX'^%S%P-R6XY[fM-V#`MSTMﬁﬀ~
ﬂ <ﬃ! "$#%"'&( FﬃHJIﬃHLK*) / 3,+.- / 40/ 421 -43"765842/7L48- 1 / 421 -:9'4;/ﬀ/ﬀ481<1= 7;- //?>A@ /CB 4"1 1
























BYHRH8!IJLﬁ GAH$ﬁKﬁh!+&THCB3G'i Mi (IﬁLUTHCﬁﬃOEGABC(U GAH$ﬁ"ﬁE;L;A9);<GAﬁE;(P=P
jk
H$ﬁﬃ(ml BCJ (I9)G JFi P P%ﬁEGL;ABCOonIﬁE!IﬁE;A>@ﬁﬀ;(U ﬁE;-&/(I*
k




x5 ﬁﬃﬁ'&TP%9/(U 9)GAHIﬁE;AJyn BRU\HCﬁED
JGz B 0 [TZ)6 P
  a			!/ﬀﬂﬃ)#"%$+ﬃ (ﬃ*	ﬀ $&!   
  B%&A&%" # "$&  FﬃHJIﬃHLK$HI@ / 42E?E= 7 / 3'D?4"3*$
¼
j'¶Q·!j D?4 E 4 7= 1 3F7'5E4ﬁ/7L4"3 /S1(32/ 7:481 -ﬁ7 E
3F/7- = 3F7G321s@ 7 3'D:7 /ﬀ4ﬁ1
	,/ /3 421 -0B325E4ﬁ/7L421(B / 7:4"3F/7
NS> 3'D / 1 3'D /S/ 421 -8387 5E42/J7L48-21 /
¼
j'¶Q·!jS@ 7 1 1<D?425"/ 3'D / H381 1
32@ 7'1 5[BD?42/ 4 B 3 //7$E 3F7GB HJ= 1 B 3F7G321
]
²














  p Æﬂ~&È




























 ¬XY^4STz*_2OQP-RTS%UPWVYXZP{MR6XYM-K[\_-~ ^4_ OQ_a[\S%_a`#gXYKSTzX'^?URM-]?_fP-R_
P-bSTM-XYKNSTz*_[zMR6M-[\S%_fR6X'^%STXY[3UK[\STXZPWKNP-UAM?]/VZSTXZ{MR6XYMS%_|KP-R6]4M-V#`XY^TS%R6XZb*STXYPWK#~ 























<& B < > F HJIﬃHLK) / 3ZAÆ'\+È 421 -
]
²
Æ'9QÈI-/v) /W- / E54=C/ 7'1 3 / 5ﬁ/ 48-21 /J><7 H 3'D / 7 /ﬀ421*4ﬁ1 -
5E42/J7 4ﬁ1(B/s3MH:3'D /t/ 421 -8387 5842/J7 48- 1 /
¼
j'¶Q·!j9/?Nﬁ7$E 3'> 3'D / 1 7 3'E -27$E 3F/J7G-= 3F7F321sHJ=K1(B 3F7G321






































































ﬂﬁﬃﬁKﬂHIﬁ,+IH+&?; * 0 Z/4)6 P
    
			ﬁﬀﬂﬃ !#"%$&'ﬃ)(ﬃ*	ﬀﬂ$+!
   D:=I;#=  9BQ;




























































































































































































































l  paÇpfsfsfs p:­¸­Ç
z*_fRT_  w¹Æ  paÇ












































	 A= 	  T=B.	






























o j l 7
 








































































































































































  a			!/ﬀﬂﬃ)#"%$+ﬃ (ﬃ*	ﬀ $&!   Ç























































 ﬀ ﬁﬃﬂ "!58 F&I%@!5)HGG	 5I7)
 I ,/'*)(8LC






RT_a^TXY`M-VY^}MRT_ŁXYX'`#gP-RagP-STz*_fRTXY^T_-gSTzMSﬁ]?Pﬂ`_aVÆﬂ~ WÈ|X'^3STz*_4S%R6_ ]?P `*_aVAUP-RSTz*_
]4MR-_fS{-PWVYMSTX'VYXZSc-~
J U_ [\PWK^TXY`_fR3STz*_4OQPW^T^TXZbXYVYXZS cySTzMS|STz*_4]?P `*_aVA[\PWV'`bQ_4]4XY^T^%OQ_a[fX _a`#gQ_











b_N`*PWK*_Nbﬂc_ S%R6M-[\STXYK*STz_yR6M-K`*PW] `MS%_yURTPW] M-K¹_ OPWK_aK+STXYM-ViXYK^%S%_aM-`¹P-UM
KXZUP-R6] `XY^%S%RXZb*STXZPWK~
  ﬁﬃﬂ "!$#&%('*)+-,/.0)(,/'213.4,-!57698:.*;











MRT_}P-R XYK*/XYKNMﬁ]/VZSTXY{ MR6X'MS%_UR6M-]?_fP-R4STz*_.    Â]4Pﬂ`*_aVUP-RiSTz*_}RT_fST*R6K^















































! )    	 
 ! )  








P-R6`*_fRS%P:] M-_3STzXY^[6z*PWXY[\_}OR6P-O_fRVZc-g&M:[\PW]?OMRXY^%PWKŁb_fS _f_aKNSTz_}`X_fR6_aK+S 	®M
_a^%STXY]4MSTXZPWK2]?_fSTz*P `^IzM-^IS%P4bQ_|`*PWK_-~






VYXZS%_fR6MST*R6_<`*Pﬂ_a^K*P-S[\PWK^TX'`*_fRSTz*___a[\ST^PWK 	®M¹_a^%STXY] MSTXZPWKP-USTz*_XYK&S%RTP `[\STXZPWK
P-U!K*PWK*VYXYK*_aMRIOQPW^TXZSTXYPWK^iXYKNSTz*_|OQP-RTS%UPWVYXZP*~

z*_<M-X']ÂP-U*STzX'^[6zMOS%_fRAXY^S%PS%_a^%S!STz*_ 	®M¹_a^TSTXY]4MSTXZPWKﬁ]?_fSTz*P `^X'K+S%RTP `[\_a`
XYK izMOS%_fR UP-RyOQP-RTS%UPWVYXZPW^y[\PWK&STM-XYKXYK°K*PWK VYXYK_aMROQPW^TXYSTXZPWK^f~

P°]4_aM-^T*RT_







z*_¬[z*PWXY[\_2P-USTzXY^4O_fRXZPﬂ`X'^?K*P-S [fM-^TM-V ~­JLK`*_f_a`#gPW*R MS%S%_aK&STXZPWK XY^?M-VY^%P
PWK°STz*_ 	®M ^T_aK^TXZSTXZ{ XZS c)S%P¹^T``_aK°[6zM-K-_a^ P-U3R6X'^  `*_¬S%P¹]4MR-_fSŁ[\RM-^Tz*_a^f~








{-_fRM-_P-U 	®M { M-V'*_IPWK4M-VYV
STz*_|^TM-]?OVY_OQ_fR6XYPﬂ`#gﬂSTz*_|^%_a[\PWK`NS%_a^%SS%R6XZ_a^iS%PŁ`*_fS%_a[\SSTz*_3OR6_a^%_aK[\_3P-UM:RT_aVZ_f{M-K+S
STXY]?_|`*_fOQ_aK`*_aK[\_}M-]4PWK*	®M«O_fR6UP-R6] M-K[\_a^f~





ﬀﬂﬁﬃﬁ"&TP%9 (VU9/GAH$ﬁE;AJ  ﬁﬃ(I*ﬂ;ABCOzﬂJK0 TN/6 &)(+*-, ;AB3GAJGz@ﬁE;0 Z\Z?6 P
 








































bﬂcSTz*_iUM-[\SASTzMSA_IM-K&SS%P|[\PWK^TXY`*_fRAM-K?zXYWzﬁ{-PWV'MSTXYVYXZS cOQP-RTS%UPWVYXZPz*PW^%_I^%S%P [ ^
MRT_N¢ﬂ*P-S%_a`)X'KM] MR-_fSﬁSTzMSﬁ^T Q_fRT_a`P-U^%PW]?_N^%S%RTPWK*e[\R6M-^Tz*_a^/XYKSTz_ RT_a[\_aK&S
OM-^TSf~J©S_aKMbVZ_a^^S%PP-b^%_fR6{-_<STz*_^%_aK^TXZbXYVYXZS cP-U*STz*_'	®M¹_a^%STX']4MS%_<XYSTz3RT_a^%OQ_a[\S



























OSP-OSTXZPWK^ﬁM-K` XYK)STz*_  


































































































































































































































































z*_I{MR6XYM-K[\_\[\Pt{ MRXYM-K[\_}]4MS%R6X _a^<MRT__a^%STXY]4MS%_a` b&c:STz*_^%P[fM-VYVZ_a`

RTSTz*P-


















ST*R6K4P-UOP-R6S%UPWVYXYPW^ GM-K` Â[\PW]?OMR6_a`ŁXZSTz M/K*P-R6]4M-V`XY^TS%R6XZb*STXYPWK#~

z*_ORTP-b*







ﬂﬁﬃﬁ&MP%9 (U 9/GAHIﬁﬀ;AJCHCﬁ$&)(+*$ﬁﬀ; 0 [)6 &/(I*(iﬂJ GL;	9\P 032 2ﬃ687 9/;"&/(& + +HCBCO5&?GAB 9/(GA9  9/; *ﬂBCOJ GA9Oz
P &?;z@ﬁEGAJ *ﬂ!$;ABC(U GAHIﬁ
JLB &)(+(I&/($OﬃB &TH OE;ABCJLB JﬃP
S
 9)GAﬁ GAHI&)GBC( GAHIﬁ HCﬁE7:G H+&)(+* JLB *$ﬁ 9/7GAHIﬁ ﬁh!+&)GABC9/(GAH$ﬁE;Aﬁ B J&/(BC( GAﬁ3U/; &TH GAHI&)G H+&/JGA9Mﬁ
JL9THC>@ﬁ5* ( !P%ﬁﬀ;AB Oﬃ&THRH iP n$9/;'GAHIBCJ +I!$; +9/JLﬁ &"&/!$JLJ J G'i +ﬁ%( !P%ﬁE;ABCO5&MH BC(GAﬁLU/; &?GABC9 (1D
B3GAHtf &MU !Iﬁﬀ;L;Aﬁ
+9TH i$($9\P%B &THCJ






































zXY^ﬁX'^ﬁ`_ bQP-STz S%PeSTz_VYMR6-_fR/RXY^ XYK)OQP-RTS%UPWV'XZP 
M-K`¬S%P4STz*_3R6XY^ P
















z_:R6^%S3PWK*_eÆ  ~ WÈ3WXZ{-_a^ﬁM¬VZPt_fR/`*_a[fMac











































 ,  








































































































 ,  








































 Ç  s





























































































PN{-_fR6XZUc2STz_4M-[f[f*R6M-[\ceP-U 	®M _a^%STXY]4MS%_a^fgPWK*_?P-U<STz*_4]4PW^%S3^%_a`]?_fSTz*P `^}XY^













































	®M_a^%STX']4MS%_a` bﬂc?STz*_}`*_aVZSTM  WM-]4] MﬁMOORTPWM-[6zXY^®S XY[\_STz*_{M-VY*_P-bSTM-XYK*_a` b&c
STz*_ﬁzXY^%S%P-R6X'[fM-V^6XY]ﬁVYMSTXZPWK^f~






































~Yﬂ~VY^%PNXYKeSTzXY^[fM-^%_:STz*_?^%_aK^6XZSTXZ{ XZSc¬XY^}zXYWz*_fRUP-R}STz*_?]?P `X _a`2_ﬂOQPWK*_aK&STXYM-V
^TM-]4OVZ_a`yMOOR6PWM-[6z¬STzM-KyUP-RSTz*_^%STM-K`MR6`yMOORTPWM-[z#~











`*RMaKeURTPW] MN,_fRK*PWVYVYXOQP-OVYMSTXYPWK2XYSTzS PyOQPW^T^6XZbVZ_ﬁ_f{-_aK+ST^fk}STz*_ 	®M[fM-K
[\Pt{-_fRSTz*_|VYPW^T^IP-RSTz*_ 	®M«XY^IKP-S^T  Ł[fXZ_aK&SIS%P [\Pt{-_fRSTz*_|VYPW^T^f~AJ©USTz*_|,_fR6KPWVYVYX













































































Æ  pTªAÈ  ¾4p


































































































































































































































































































ﬂ#96P>9ﬀ9>O2ﬀ	}9> 6ﬂﬁg3R@|'	6#ﬃ + 254! " 4
#










































































































































































































































































































MR6M-]y~®M  s  Çs  s












  s  
*  s K K K  s 4  
 ~ ~

~!Æ  s WÈ #s













~!Æ  s * -È #s
 K   s 0  s K K K  s 4   #s
 K  s 0 
~ ﬁ~







   s 






~!Æ  ﬂO~mÈ ÇsY

   s 






   s 
 Ç	
  

















s K K	  s  




























~!Æ  s * -È  s










  sY 4
~ ﬁ~




































































  s  







~ K s F I  s 

s
 K?I  s  







~!Æ  s WÈ  sYÇ'   s  Ç-Çﬀ Çs


 s   Çﬀ
  s	
  sQ  Ç 4 
 ~ ﬁ~

~!Æ  s * -È  s    s   















 Çﬀ  s *Çﬀ  s *  s4   s  *  
~ ﬁ~













   









^%_aK^TXZSTXY{ﬂXZS c:P-U#STz*_®M_a^TSTXY]4MSTXZPWK]?_fSTz*P ` S%P/STz*_R6XY^%_P-UR6XY^ ~!J©K`_f_a`#g&z*_aK M










^STzMSUP-RSTzXY^  XYK`P-U_a^%STXY] MSTXZPWK
]?_fSTzPﬂ`#g*STz_K&VYVQXY^iRT_ %_a[\S%_a`2bQP-STzNUP-ROQP-RTS%UPWV'XZP  M-K` ~
 

   	 

zXY^[zMOS%_fR|XY^`*_f{-P-S%_a`S%PyM-^T^%_a^T^6XYK* STz_ﬁOQ_fRTUP-R6]4M-K[\_a^P-U®STz*_?`X_fRT_aK&S ®M























































        ﬀ 























































































































































































t>u v w x
tzy


































































+>eº;2¹>9 m>9<ºo=scºdŁnB9;2¹E9,=2bpq9rnBegC>=2dŁ?>9<ºbX;2dfegC>=¶bXº29 ;8º,E9 m(=Emc=2;2df;E;2dŁCE
;2¹E9¶=Es>º29op->p{m,;2¹>9%dŁC ADp->p]






























































































































































































































































































































































































































































































O    oO	7Q$dŁ=/;2¹E9`?>d¿bXegC>bgpbX;8ºd  eºpq9o?  º2egp;2¹E9`9odf9oC @
ﬂXb6E9o=¶e ﬀ ﬂ 8+ﬀ½'¹>dŁf9dŁ=¶;2¹E9 p bX;8ºd (e±;2¹E9,eº2;2¹EeegCcb\bC>?zCEeºp bŁd<9o?
9odf9oC)ﬂ9onB;8eº= e ﬀﬁﬂ?8 ﬀ½]

dŁC>nB9 ﬀ ﬂ(8+ﬀ dŁ==8 ppq9<;8º^dŁnrbŁ¬;2¹E99odf9oC)ﬂ b6>9o=qbXº29













































































 eº4>T ·XOiO    O % ]
$






































































































































































































VjEDW`FiUGDGH S ehgiM=bdV eL_ e
D V b ehgdMQjEI9JijEK3R































































































































































































































































































































 °9<; >=±nBegC>=dŁ?E9<º@;2¹E9Ł9  ;@scbXº;±e ;2¹>9%9oa)cbX;2dfegC½I³µ¶] ®Q ]f¬r;2¹E9?E9BANC>df;2dfegC,e ;2¹E9




























































































































































































































         
½  ﬀ z ﬁﬂﬂﬃﬀ  ﬃ@"!
#
ﬂﬃ $ `->0/#'3 #4+¶0/.2#43 +I.:.&% ('X*),+ %0 &o# .).-0/&+21






































dŁC>nB97;2¹E9 n¹>bXº^bnB;89<ºdŁ=8;2dŁn  >C>nB;2dŁegC$
E
;
I3 UQ4 eºf>T ·XOi>dŁ=
em>;2bdŁCE9o? bC>bf;2dŁn<bŁf,m® '9o=8;8egC  g Lc;2¹>9; ¬e,s>º2emcbXmcd¿Łdf;2df9o=Sn<bC mN9em>;2bdŁCE9o?






























































































































·@h9 s°I³ ; I ~"hP8Q8Q
·@
l
; 9  s I³ ; I ~"(P2Q8Q
#
l

















 ; I ~* P O


































































































d¿C>nB9¶;2¹>9dŁC¤;89<º^bC>?  >CcnB;2dfegC dŁ=7='b n<df9oC®;2f º9<5>ŁbXºo:df;7n<bC m/9dŁC¤;89<º^bX;89o? m®
>=dŁCE%bdc7bc=2=};Ä®s/9)dŁC®;89<ºbX;2dfegC º >f9]=+Eeº\;2¹>dŁ=scbXº;2dŁn >ŁbXºs>ºemcf9op¤dŁ;}dŁ=}nBegC)ﬂ9]@
C>dŁ9oC¤;±;8e >=89   bX5E9<º2º29%s/egf CEegpd¿bNbCc? ;8e bXs>scº2e EdŁpbX;89%;2¹>9dŁC®;89<ºb:)dŁ;2¹;2¹E9














































































nBe ?E9 nBegpqs E;89o=;2¹>9 '9o=8;8egChesc;2dfegChscºdŁnB9 bn<nBeº?cdŁCE ;8e b   bX5E9<º2º29
sNegŁCEegp dŁb`e ?E9<º9<9h·oi]1CEsE;scbXºbp9<;89<º= bXº29
A..
±;2¹>9DbX(;2¹>bX;





























&ﬀ HHﬂﬁﬃ[[8HHﬂﬃ	ﬁ / &ﬀ"!VHHﬂﬃ	ﬁﬃ#	 #ﬁﬃH$ﬁ/ 
H%&ﬁ8H[!8Hk&[!'ﬃﬃ!' [(" ﬃ	ﬁﬃHﬂﬃﬃ##ﬁ 
#ﬀ&ﬁ''[[ﬃ!'#NHﬂ ' !ﬀ" ##ﬁ[ﬁ#ﬁVHH$ﬁ/ 
'()![8Hﬂ8Hﬂ! #[#ﬁﬃ' Hﬂ(ﬂ&&!&ﬁ#	''&!' 
Hﬂﬃ( HHﬂ! ﬁﬁ8Hﬂ ﬃ#	![/ [[* H$ﬁ8Hk&'&ﬃ''ﬃ' 








[()!#ﬃVHﬂﬃ8Hk&	ﬁﬁI8HS -ﬀ"ﬃﬃﬃ	ﬁ'[ﬃ	ﬁ ﬃI8HS 
[*"##& [&VHHﬂ[&I8HN .'ﬀQ&##	'[[[[8HH/ﬃI[/ 
[*ﬂ&VHk&[ VHH$ﬁ#	!I[2 [("!!'ﬃ	ﬁ#NHﬂ ﬃI' 
[*ﬂ&[8H$ﬁ'[!!I#' . ﬀ"!	ﬁ&	ﬁﬁ 	ﬁ! [I!' 
H%)!! #' ﬃ!ﬁ#Iﬃ/ H0"#['8Hk&&	ﬁ[I'  









































F3+=4ﬃK#	ﬁﬀﬂ3,>4ﬁ ^$&/ Q)! ﬂ+ﬁ Qﬁ ﬂ-&' ]	#ﬃ./ ﬂ#1ﬃ
' ﬂ3ﬃ2 ]4.' \H7S:
ﬃ[
U
F3+=4ﬃK#	ﬁﬀﬂ3,>4ﬁ ^$&/ Q)! ﬂ+ﬁ Qﬁ ﬂ-&' ]	#ﬃ./ ﬂ#1ﬃ


























¹E9±nBegC>=8;2bC®;f eº`;2¹>9)dŁC®;89<ºbX;2dfegC bXº9'?E9BADC>9o?qb=`gfemDb>nBegC>=8;2bC®;2=<]1C;2¹>dŁ= Sbo
;2¹E9< n<bC m/9 >=89o? bŁ=2e< eº e;2¹E9<ºº2e5E;2dŁCE9o=4;2¹>bX; 9  scfegdŁ;7br=2d¿pdŁŁbXº7dŁC®;89<ºbX;2dfegC$]
µ'C 9 Ebpqscf9qdŁ=4;2¹E9º2e5>;2dŁCE9;2¹>bX;%nBegpqs>;89o=7;2¹E9Acº=8;7?E9<ºd6ﬂ bX;2d?ﬂ9e\;2¹E9qes>;2dfegC














































F3+)@ﬃK	ﬁﬀQ3,)@ﬁ ]$&' Q)! Q+ﬁ ﬂﬁ ﬂ-&/ ﬂ	#.2 ]1ﬃ












¹>9,nBegpqs E;2bX;2dfegCze±;2¹E9 Acº=8;?E9<ºd6ﬂ bX;2d?ﬂ9 )df;2¹½º29o=8s/9onB;;8e©;2¹>9,dŁCc=8;2bC¤;2bC>9<e5>=












































































































F3+)@ﬃK-.k	ﬁﬀﬂ3,)@ﬁ ^$&' `)! ﬂ+ﬁ ﬂ! Q-&' ]	.' ﬂ1ﬃ
' Q3ﬃ2 ]4./ =H7Y:
ﬃ[
U
F3+)@ﬃK-.k	ﬁﬀﬂ3,)@ﬁ ^$&' `)! ﬂ+ﬁ ﬂ! Q-&' ]	.' ﬂ1ﬃ








ﬂ15  +¶0/.2#43 +I.:.&%}.^3+_ .N0 -I. +¬0/.#'3 +±+q+I.$# + %/
¬egC>=2dŁ?>9<ºdŁCE';2¹E9@s/9<º2;Eº2mcbX;2dŁegCbXscs>º2egbn¹ ?E9o=2nBºdfm/9o?m  °9<)dŁ=$ 
 
Lgesc;2dfegCs>ºdŁnB9
bn<nBeº?>dŁCE ;8eh;2¹E9 )9o=2;8egC"pqe ?E9o@n<bC m/9 bXs>s>ºe EdŁpbX;89o? )dŁ;2¹zb(sNe \9<º =89<ºdf9o=
9 scbCc=2dfegCbXº2e5cC>?

T ]( eº29´scº29on<dŁ=89of  °9<)dŁ=?E9o=nBºdfm/9o=b(s/e \9<º,=89<ºdf9o=
bXs>s>º2e dŁp bX;2dfegC* eº-



















)¹E9<º29;2¹>9@L¬º2e )C>dŁbC*pqe;2dfegC½£@M)n<bChm/9 nBeºº29oŁbX;89o?z)df;2¹ ;2¹>9@LSº2e )C>dŁbC
pqe;2dfegC©;2¹>bX; ?Eºd?ﬂ9o=';2¹E9s>ºd¿nB9¶s>ºenB9o=2=o



























































































































































































V jED `FdUGD H S ehgiMQbdV,eL_e

















¹cdŁ= n<bC mN9 nBegC)ﬂ9oC>df9oC®;2f?>egCE9 egC>fm*b=2= >pdŁCEzb
=8s/9on<d ANn,pe?E9oL] +Eeº,d¿C>=8;2bC>nB9¬dŁC ;2¹E9 '9o=8;8egCpqe?>9oS;2¹E9 ;2¹Eº29<9<ﬂXbXºdŁbXmDf9bXº29






































































































































 	*bn<nBeº?cdŁCE7;8e ;2¹E9@bXm/eﬃﬂ9±bXs>s>ºe EdŁpbd@






















ﬃ' 	' (-k<V.! 
HS 
' 































































































































































































































































































































































































































 	bXs>s>º2e d¿pbX;2dfegC bn<nBeº?>dŁC> ;8er;2¹E9

















ﬃ ﬁ 	' (-<V.! 
ﬃHN 
' 





















































































































    	
 ﬀ	    
     ﬀ(ﬃ   .ﬃ






































































 :9<;=>=°nBegCc=2dŁ?E9<º bC9oa>dŁ?cdŁ=8;2bC®;°?>dŁ=2nBº9<;2dobX;2dfegCnBegpqs/eg=89o?m  =EmDdŁC¤;89<º ﬂ bŁ=
e$;2¹E9)s/9<ºdfe ?~ P=>n^¹ ;2¹>bX;
j
PT*~"!#½]}1Ceº?>9<º`;8e?>dŁ=2nBº29<;2d <9);2¹E9 ﬂegŁbX;2dŁŁdf;Ä





























































'Cc?E9<º   dfsc=2n^¹>df; 4bC>? ¿dŁCE9obXº¬º2e¸±;2¹nBegCc?>df;2dfegC>=`egCﬁBNI3 UQ\bC>?!XI3 UQ^ ;2¹E9 _f>f9<º





























































MÄQ7dŁ= egCcnB9 bC>? XI
¢
MÄQ'; )d¿nB9 ?>d('/9<º29oC®;2dŁbXmcf9


































































































)dŁ;2¹  O   O





























·S(»¾   






























































































































KNMOM _,c _D b PQU V MksiMOb _,bﬂ,UW_ ehMOb Y [,[ ^
B
giMOV,RhM3` t  ﬃk -Nk o k
  
	  
   ﬂﬃ       	
$
¹E9%nBegpqs/eg=2df;2dŁegCre ;2¹E9sNeº;  egŁdŁeg=¬d¿=@;2¹E9  egŁfe¸'dŁCEER
, V,RTeEH(V,UGDWV,j
pjTjTM3ehj p   
psﬃX _ b9KOMks
B
D jTjEIdMfK K,D MOb9KOM3j -Nk tko m k    t k 	,\ mNk -  
pU M
 D V b ,gd_ Rh` _K3M,Iie
DGK _ UWj [ﬃk  -Nk t \ mNk 	 -ﬃk \ [
p`ac,MOb t  Nk -m \Nk o [ oNk 	,\ 	Nk o -
p F FdU M3RL_MDWV,j Sﬃj ehMO`ajRL_I9F m k  m t,k 	 t k o mNk  ,\
p RL_#s D c ` m k m	 t,k [ [ t k m	 t k \,\
peTR
D
)_Jij -Nk  o t,k #- t k 	   mNk m -
pX D c MOb -Nk \   m k m mNk  ﬃt mNk \m
pX D RhV b Nk  \Nk -#- oNk o 	Nk m
 MOU UHM3bdMOj Sﬃj tt,k t	 	 k   \ﬃk m [ ﬃk tko
 g9D RhV b \Nk \ [ﬃk m - -ﬃk 	 - [ik 	
 V,RTehM
 ,g_ Rh` _*KOM,Iﬃe
D KO_,U j [ﬃk -t m k 	 - mNk [8t -ﬃk t3[




D K3j m k \ t,k 	   t k o   t k ,\
HMObVrCDW`aM /ﬁﬀﬃﬂﬁ D X DWjED V,b \Nk 	#o [ﬃk m -ﬃk 		 [ik  -
 
Ii` _,b!HMObdV,`aMfK K,D MOb KOMOj Nk o#m o k [   [ik 	,\ \ﬃk mt
"
`a` IdbdM#
 m k  t t,k m	 t k tm t k [ \
$




DGKOj [ﬃk  ,\ m k o	 mNk m,\ mNk ,\
K K,DGKOU V,bdM ,g_ Rh` _*KOM,Iﬃe
D KO_,U j m k o	 t,k \#- t k [ - t k 	
&
_ U MOb e
DWj m k - [ t,k [ t k -   t k 	  
"
b ehMOU / Nk    	Nk 	,\ t  Nk t3[
#D jEKOV / 	 k  \ \ﬃk #- ﬃk  o
;I KOMOb e
B
M,KLgdbiV U V cD MOj /  Nk \	  ﬃk o  ﬃk 	
HMObdM RL_,U'ﬀU M,K3eTR
DGKOj / [ﬃk  \ -ﬃk o [ik \	
(
MOU U j*)_ Rhc,V,+- V / t#t k o t  ﬃk mm t0-Nk -o
.
K/_,b KOV,R
F / -Nk \ \ -ﬃk mm [ik mt
K0+ , o   F9IieVFie
D V,b / / -ﬃk 	 /
ﬂ pHK1 p2 t   F9Iﬃe
VFie
D V,b / / 	Nk  /
K0+ , o   K _,U U VFie
D V,b / / / /3ﬃk [#-
ﬂ pHK1 p2 t   K _,U U)VFie



















































































































































































































































































































































































































































































































 ·  
* G   B   G 






































































































































































	 A(   



































    
 m.}aﬃﬂ~ 	
 

















































































































































































































































































=¤ ` ﬁ2EF 
 







































 ¤ ` ﬁEF 
 
	J   ﬁJ















































































   p2D 

































   
 	s | 




























 	 A 
|*+ 
  	H 

























 	 A 
*a 
 

























 	 A 
ﬁ*+( 
   T	sH|

















































































































































































































































































































E   x#G 






















































































































   
   	W}  
 






































































































































































































































  x | 
 




















































































































B?		   pLLZ 
 z	sK  
 



















































}  BzB6  sC <  4B? s Im	J	     
 





























































































































































































































































































































































































































, F =.ﬂ? .10	J]F
Y
=# Z
5
FS0IZBJ+f

g
·
ÆÆ 6i%jk<k
b £lD·

b

 Ç

 
 	
	 =}L
 #Szµ0OQO Eº
V
@N7wPY>D@2¹<7 '07?ZX@
V
@\c
V:RWR=V
¡7Q@2¹S4;<S6ZXS:q:[ 	Tb
, Fb=%ﬂQW.N0	J>F
Y
= Z
5
F	0IZ6J
<
g
·
ÆÆ 6i%jk<k
b:·

l
Æ
b
